Plant fibrillins are a well-conserved protein family found in the plastids of all photosynthetic organisms, where they perform a wide range of functions. A number of these proteins have been suggested to be involved in the maintenance of thylakoids and the formation of plastoglobules, preventing their coalescence and favouring their clustering via an as-yet unidentified crosslinking mechanism. In this work we show that two members of this group, namely fibrillin 1a and 1b, interact with each other via a head-to-tail mechanism, thus raising the possibility that they form homo-or hetero-oligomers and providing a mechanism to understand the function of these proteins.
an increase in the number of plastoglobules organized into clusters in tobacco chloroplasts (Rey et al., 2000) . In light of these results, it has been hypothesized that FBN may prevent plastoglobule coalescence and favour their clustering by acting as an interface between the aqueous environment and lipids as well as by mediating cross-linking via an unknown mechanism (Rey et al., 2000) . In this work we demonstrate an interaction between Arabidopsis FBN1a and FBN1b proteins, as well as interactions. Yeast Two-Hybrid analyses indicate that these interactions involve the N-terminal part of one protein and the C-terminal part of the other in a headto-tail mechanism, thereby suggesting the possibility that these proteins form filaments in vivo. These interactions provide a mechanism to explain the function of these FBNs in fibril formation or the maintenance of plastoglobule clusters.
Materials and Methods
Plasmid construction. Full-length ORFs from FBN1a and FBN1b were cloned (without the stop codon) into the pDONR221 entry vector (Invitrogen) by a BP reaction (Invitrogen). After sequence verification, the inserts were transferred into the binary vectors pXNGW (-nYFP) and pXCGW (-cCFP) (Yuan et al., 2013) , respectively, for the BiFC assay using LR Clonase II (Invitrogen). This resulted in translational fusions between the ORFs and the YFP/CFP moieties driven by the CaMV 35S promoter.
For Y2H screening, a cDNA fragment coding for amino acids 71 to 144 of FBN1b was amplified from Arabidopsis cDNA using the primers FBN1B_Y2H_F and FBN1b_Y2H_R (see list of primers in Table S1 ). These primers introduced NdeI and EcoRI restriction sites at the 5'-and 3'-ends of the fragment, respectively. The fragment amplified was cloned into the yeast vector pGBKT7 (Clontech) by restriction with NdeI and EcoRI and subsequent ligation.
For the BiFC assays of the N-and C-terminal part of FBN1b, the cDNA fragment coding for the FBN1b chloroplast transit peptide (CTP) was fused to the fragment coding for amino acids 71 to 144 by two sequential steps of PCR amplifications using cDNA as probe and primers FBN1b_CTP-bait_F and FBN1b_CTP-bait_R in the first step, and the products of the first PCR amplification and primers FBN1b_F and FBN1b_CTP-bait_GW_R in the second step (see primers list in Table S1 ). The C-terminal part of FBN1b (amino acid residues 220 to the end) was fused to the CTP region using the same strategy with the primers FBN1b_CTP-Ct_F and FBN1b_CTP-Ct_R in the first PCR amplification and FBN1b_F and FBN1b_R in the second step. Once the N-and the C-terminal regions of FBN1b had been fused to the CTP, both constructs were cloned into the binary vectors pXNGW (-nYFP) and pXCGW (-cCFP), respectively, using LR Clonase II (Invitrogen).
The full-length ORF of VTE1 (At4g32770) gene was amplified from leaves mRNA by RT-PCR using the primers described in Table S1 , and cloned into the pDONR221 entry vector (Invitrogen) by a BP reaction (Invitrogen). After sequence verification, the insert was transferred into the binary vectors pXNGW (-nYFP) and pEarlyGate103 (Earley, et al., 2006) , for BiFC assays and fusion to GFP marker respectively. Table 1 . We decided to focus on the study of the positive clones encoding for fragments of FBN1a and FBN1b proteins as these results suggest that FBN1b can interact with another FBN1b polypeptide to form homodimers or with FBN1a to form heterodimers.
Transient expression in

FBN1b interacts with FN1a and FBN1b in vivo
We decided to confirm the interactions observed with the Y2H system using Figure S1 shows that there is not interaction between VTE1 and FBN1b proteins ( Figure S1 , Panels A and D), whereas fluorescence was detected when, in the same experiment, Nicotiana leaves were co-transformed with FBN1a and FBN1b proteins or VTE1 fused to GFP ( Figure S1 , Panels G and J respectively). These results indicate that the interaction between FBN1a and FBN1b proteins observed using the BiFC technique is not a mere consequence of the over-expression of two proteins whose localization is restricted to a small area, such as plastoglobules surface, and support the idea that FBN1a and FBN1b interact in vivo in the plant.
Analysis of the domains involved in the interactions
The different FBN1a and FBN1b clones obtained in the Y2H screening were used to identify the domains involved in the interactions between these proteins.
The lengths of the clones obtained are illustrated in Figure 3 . According to this alignment, the FBN1b region extending from amino acid 220 to the C-terminal end at position 322 is sufficient to interact with the fragment used as bait. To confirm this we used a BiFC assay in Nicotiana benthamiana leaves. The FBN1b fragment used as bait in the Y2H screening was fused to the chloroplast transit peptide of FBN1b and cloned into the binary vector pXNGW (-nYFP).
The C-terminal part of FBN1b (residues 220 to 322) was also fused to the FBN1b CTP and cloned into pXCGW (-cCFP). Both constructs were agroinfiltrated in N. benthamiana leaves and fluorescence monitored by confocal microscopy. Figure 4 shows that the N-and C-terminal fragments of FBN1b used in the assay interact in vivo.
In the case of FBN1a clones, the minimum fragment that interacts with the FBN1b bait extends from amino acid 125 to the C-terminal end of the protein (Figure 3) . The minimum domain delimited for FBN1b (residue 220 to the stop codon) differs from the equivalent region of FBN1a by five non-conserved amino acid changes, thus suggesting that the FBN1a domain involved in the interaction with the bait might also be delimited to the region expanding from amino acid 220 to the C-terminal end of the polypeptide. These regions contain one of the hydrophobic domains (H3) described for FBN7 (see Figure S2 ), which could be involved in anchoring fibrillins to plastoglobules (Vidi et al., 2007) . Once this domain, which would not be involved in protein-protein interactions, has been eliminated, the region responsible for the interaction between FBN1a and FBN1b might be delimited to the fragment expanding from amino acid 220 to 275 ( Figure S2 ).
These results indicate that FBN1a and FBN1b can interact through a head-totail mechanism. Moreover, experimental evidence suggests that fibrillins of Group 1 (which includes FBN1a and FBN1b) are involved in plastoglobule formation (Rey et al., 2000) and thylakoid maintenance (Simkin et al., 2007) , and it has been suggested that these proteins, being an interface between the aqueous phase and lipids as well as mediating cross-linking by an unknown mechanism, may prevent plastoglobule coalescence and favour their clustering by mediating interactions between plastoglobules. Our results provide a mechanism for these FBNs to carry out their function. Thus, the head-to-tail interaction would allow the formation of a network that could contribute to maintaining the plastoglobule structure and their association to form clusters.
Our results also indicate that, in addition to the FBN1a-FBN1a and FBN1b- 
